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Abstract 
This paper reports on the use of the resection function on total stations, one after another in a 
series, to replace conventional traversing on surveys.  The accuracy and precision of this 
process was tested in both an open and closed traverse of 730 metres.  It was found that the 
misclose on the open traverse was 66mm in horizontal and 30mm in vertical.  The closed 
traverse was, of course, better, but even this process was unstable where abrupt changes of 
direction were involved.  These results indicate that the use of serial resections as a method of 
traversing should be discouraged for any work with more than a moderate accuracy 
requirement, and certainly should never be used on cadastral surveys. 
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Introduction 
There is a legal, professional and practical need for accuracy in the Spatial Science profession 
irrespective of the nature of the application.  In the surveying profession, these accuracy 
requirements are normally articulated in the form of standards that practicing surveyors are 
expected, or required, to meet.  There are many examples and three, specific to surveys in 
Queensland, are: 
 for mining - the Recognised Standard 10 (Department of Natural Resources Mines and 
Energy 2011); 
 for cadastral surveys - Queensland Cadastral Survey Requirements (Department of 
Natural Resources and Mines 2015); and 
 for control surveys (this applies in all States) - Special Publication 1 (Inter-
Governmental Committee on Surveying and Mapping (ICSM) 2014), 
 
Control points for many mining, cadastral, engineering and control surveys are established (or 
at least coordinates are determined for them) through the use of conventional traversing, which 
is fundamentally a process of measuring angles and distances between monuments or control 
points.  These traverses can be either: a closed traverse where the traverse starts and finishes 
on the same point or runs between two points of known position; or an open traverse where 
neither the start nor end points have known positions.  Though we do not recommend the use 
of open traverses because of the lack of redundancy, due to the nature of our investigation we 
will look at both an open and a closed traverse as part of our discussion in this paper. 
 
Once sufficient coordinated control points are available in an area, surveyors can position 
themselves with a total station anywhere in the vicinity using a process known as a resection.  
In a resection the surveyor takes angle and distance observations from an occupied point that 
does not have known coordinates, to a series of points that do have known coordinates 
(normally we need at least three known points).  The accuracy and precision of resections are 
well understood with most researchers finding similar accuracy to a conventional traverse using 
forced-centring (for example see 'wall traverse stationing' in Jarosz & Shepherd 2005).  
Anecdotal evidence suggests that the use of resections in surveying is becoming more prevalent 
with the increased on-board computing power and precision of modern total stations.   
 
The authors have recently received reports through personal communications that resections 
are being utilised to replace, or at least eliminate the need for, conventional traversing.  Instead 
of traversing in the normal manner, a series of resections are performed with temporary retro-
reflector targets used as the ‘known’ or common points between each resection.  The resection 
stations progress in a manner similar to traversing but each new resection station is located so 
that enough temporary targets are available from the previous resection to locate the new 
station.  The benefits are that no ground marking is required for the traverse stations, and it is 
reported to be significantly quicker than conventional traversing.  But the question is, can this 
process still achieve the necessary accuracy to comply with the various standards? 
 
 
Research Aim 
The aim of this research was to assess the accuracy and precision of a resection traverse and 
make recommendations on the suitability of this technique for use on different surveys.  The 
accuracy was assessed by comparing the coordinates of control points measured by a both an 
open and closed resection traverse to those established using a high-accuracy integrated control 
network.  The precisions are compared against recommended horizontal and vertical survey 
standards mentioned earlier. 
 
 
Research Method and Data Collection 
High-Accuracy Integrated Control Survey 
The high-accuracy integrated control network that was used as a standard of comparison was 
carried out in accordance with SP1 (Inter-Governmental Committee on Surveying and 
Mapping (ICSM) 2014) and its subordinate guidelines for conventional traverse surveys, 
control surveys by differential levelling, and GNSS. 
 
The site chosen for the survey was the ring road at the Toowoomba campus of the University 
of Southern Queensland (USQ), Toowoomba, Queensland, Australia – refer to Figure 1.   
 
 
Figure 1 - Project location and traverse route at USQ Toowoomba 
The high-accuracy integrated control comprised a conventional closed traverse around all 11 
marks measuring horizontal and vertical angles, and slope distances in accordance with the 
standard - three rounds of angles on two faces with residual not more than 10” and minimum 
ground clearance of 0.5m.  These observations were combined with 20 Real-Time Kinematic 
(RTK) observations using a base set on two of the control points, meaning all points were 
measured twice, one from each base, and in two independent sessions, as well as a closed digital 
level run of 730m around the control marks.  All observations were combined into a least 
squares network adjustment to allocate Survey Uncertainty (SU) in accordance with SP1. 
 
Although it does not affect what is reported in this paper, for completeness, the network was 
constrained to three stations that were selected so they were equally spread around the site and 
60 minutes of static GNSS observations were recorded at these stations.  Observations were 
processed online through Trimble RTX (that uses precise point positioning (PPP)) and these 
coordinates and estimated precisions were used to constrain the survey to GDA94 and AHD.  
A further least squares network adjustment was carried out to allocate Positional Uncertainty 
(PU) to the control stations as defined in SP1.  These observations provided further redundancy 
and confidence in the control, though this aspect and the PUs are beyond the scope of this 
paper. 
 
The total station used was a Trimble S5 with manufacturer’s specifications of errors in the 
angular measurement of 3”, and in distance measurement of 1mm ± 2ppm (both at 1-sigma).  
The GNSS observations were taken with two Trimble SPS985 GNSS receivers.  The digital 
level run was undertaken with a Trimble DiNi digital level (manufacturer’s specifications 
0.7mm/km) and fibreglass barcode staff.  All equipment was calibrated and certified under the 
Surveying and Mapping Infrastructure Regulation (Queensland Government 2014) and the 
Guide to Legal Traceability of Length (Department of Natural Resources and Mines 2013). 
 
 
Serial Resection Traverse 
No published guidelines could be found that deal specifically with a traverse by serial resection.  
This is not surprising given the novelty of the technique, and this provides evidence of the need 
for research on this process.  In lieu of published standards, the following criteria, based on the 
existing traverse guidelines under SP1 and previous research findings, were adopted as a 
considered good practice guide for resections.  All observations were measured in accordance 
with SP1 and this then makes the results comparable with the total station observations as part 
of the control traverse described in the preceding section.  From previous research (Marshell 
2002; Horemuž & Andersson 2011; Song et al. 2016), the following parameters for the 
resection set ups were adopted: 
 the number of targets for each resection was four; 
 the distance from total station to target was between 100 and 150m; and 
 the minimum angular range was less than 180° between adjacent targets. 
 
The completed serial resection traverse is shown in Figure 2. 
 
 
Figure 2 - Serial Resection Traverse 
 
 
Results and Discussion 
High-Accuracy Integrated Control Survey 
All field observations were combined and adjusted in Trimble Business Centre (TBC) (Trimble 
Navigation Limited 2005-2014).  A free (or zero-constrained) network adjustment was carried 
out to allow SU to be calculated for all stations, and Relative Uncertainties (RU) between 
stations.  SU values in mm for the control stations are shown in Table 1, and the RUs in mm 
between all stations are shown in Table 2.  As indicated earlier, constraining the network and 
the calculation of PUs is beyond the scope of this paper. 
 
Table 1 - High-Accuracy Integrated Control Network Survey Uncertainties 
 
 
Table 2 - High-Accuracy Integrated Control Network Relative Uncertainties 
 
 
Serial Resection Traverse - Open 
The resection traverse was closed as shown in Figure 2 by measuring from the last closing 
resection station to the first resection station.  Logically, for the open traverse comparison it is 
not appropriate to carry out any type of adjustment on the serial resection traverse: though an 
adjustment of sorts is carried out on each station as the resections are performed.  We are 
interested in how well the serial resection traverse process performs, and therefore will use the 
misclose back onto the starting station as one criteria for assessing this performance.  The 
progressive misclose is shown in Figure 3.  The horizontal misclose was just over 66mm, and 
the vertical misclose was 30mm. 
 
 
Figure 3 - Open Traverse Progressive Misclose 
It is important to note that the elevation error increases linearly over the length of the traverse 
and changes sign, which represents a dramatic change, just before the end of the traverse 
where the serial resection process may become unstable due to change in direction. This can 
potentially be attributed to the weighting strategy used in the on-board processing software 
used for the resection calculations. It bases the weighting on the inverse of the slope distance, 
that is, the further away the target is, the less the value of the weight that is put on it. 
 
As expected, the errors in the horizontal coordinates increase in a cumulative manner the 
further the traverse goes.  This pattern, and the magnitude of the errors, are of concern when 
using this techniques for many survey types. This clearly highlights potential problems of 
compounding errors if the serial resection traverse was to be extended over any substantial 
length of line, and particularly if the line had several significant changes of direction.  These 
errors as so large, and due to the lack of redundancy, we do not recommend using a serial 
resection in an open traverse for quality survey work. 
 
Serial Resection Traverse - Closed 
To assess the closed traverse, the measurement from the last closing resection station to the 
first resection station was included in a simply adjustment to remove the misclose.  SU values 
in mm for the closed serial resection traverse are shown in Table 3, and the RUs in mm between 
all stations are shown in Table 4. 
 
Table 3 - Closed Serial Resection Traverse Survey Uncertainties 
 
 
Table 4 - Closed Serial Resection Traverse Relative Uncertainties 
 
 
Both the SU and RU values are clearly larger than for the high accuracy survey, but it is not 
yet clear if they are good enough for various survey tasks.  A direct comparison of the SUs is 
provided in Figure 4.   
 
 
Figure 4 - Comparison of Survey Uncertainties 
The goal was to see if a resection traverse could meet the various standards.  Section 3.4.2 of 
the Queensland Cadastral Survey Requirements (Department of Natural Resources and Mines 
2015) states that all surveyed lines must have a vector accuracy at 95% (which is essentially 
the RU between the points) of 10mm + 50ppm.  This then permits the calculation of a matrix 
of maximum allowable RU values in order to meet this standard.  These maximum values were 
then compared to the achieved values for the closed serial resection traverse shown in Table 4.  
To see this comparison the SU matrix is shown in Table 5 with the vectors that meet the 
requirements shaded in green, and those that do not meet the requirements shaded in red. 
 
Table 5 - Closed Serial Resection Traverse Vectors compared to Queensland Cadastral Survey Requirements 
 
 
Although some vectors are acceptable, we conclude that the survey method of a closed serial 
resection traverse is not of acceptable accuracy to be used on cadastral surveys with sufficient 
degree of confidence. 
 
A similar comparison was carried out against the Recognised Standard 10 for Mine Surveys 
10 (Department of Natural Resources Mines and Energy 2011).  Section 3.3.1 (p. 8) states that 
mine survey traverse must meet standards of the SP1 Class D, which relates to v1.7 of SP1 (an 
earlier version than the current one). The difference from this version, to the current version, 
is the reliance on Class and Order of surveys, rather than the current Survey and Positional 
Uncertainty respectively.  A Class D survey as per SP1 v1.7 is one where c = 50 in the equation 
r = c (d + 0.2). In this formula, r is the maximum allowable length of the semi-major axis in 
mm, and d is the distance to any station in km.  This facilitates the calculation of the maximum 
allowable lengths of the semi-major axis of error ellipses.  The comparison of these maximum 
allowable semi-major axis’s indicated that all the vectors met the requirements as stated in 
Standard 10. 
 
 
Concluding Remarks 
While the use of resections as a method of establishing a station’s position has been tried, tested 
and is generally accepted by the wider profession, the use of resections as a traverse method 
still has a long way to go, and for good reason. 
 
Throughout the entire serial resection traverse the resection adjustments returned one-sigma 
values no greater than 3mm for Easting, Northing and RL, yet the misclose on the open traverse 
was 60mm in horizontal and 30mm in vertical.  Evidently, a resection can return what appears 
to be acceptable statistical results, but still contain much larger errors than the residuals might 
indicate.  It is therefore important to adhere to well-accepted good surveying practice and build 
in sufficient redundancy and checks outside the resection points. 
 
With respect to using serial resection traversing on surveys, the results of this project indicate 
potential for applications where the chance of inaccuracies might be outweighed by the greater 
benefits of the speed and ease of the procedure.  For example, it may be considered in some 
mining applications, though it would need to be used with care.  In general though, the use of 
serial resections as a method of traversing should be discouraged for any work with more than 
a moderate accuracy requirement, and certainly should never be used on cadastral surveys. 
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